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METHOD OF MAKING A SEMICONDUCTOR
DEVICE AS A CAPACITOR

RELATED APPLICATIONS

This application 1s related to U.S. patent application Ser.
No. 13/096,543 titled “SEMICONDUCTOR DEVICE
STRUCTUR 5 AS A CAPACITOR,” filed concurrently here-

with, and assigned to the assignee hereol.

BACKGROUND

1. Field

This disclosure relates generally to capacitors, and more
specifically, to capacitors formed as a semiconductor device.

2. Related Art

Capacitors are used 1n some form 1n most integrated cir-
cuits and thus formed as semiconductor devices. They are
used for a variety of purposes including filters, amplifiers,
sample and hold, analog to digital converters, storage devices,
power supplies, as well as others. A particular use may have a
higher importance on precision and other uses may have a
higher importance on the magnitude of capacitance. In all
cases though, 1t 1s beneficial to have small size and ease of
routing the connections to and from the capacitor.

Thus, regardless of the application, there 1s a need for
additional advancements 1n providing a capacitor with more
elficient routing and/or size.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention 1s illustrated by way of example and
1s not limited by the accompanying figures, in which like
references indicate similar elements. Elements 1n the figures
are 1llustrated for simplicity and clarity and have not neces-
sarily been drawn to scale.

FI1G. 1 1s a cross section of a semiconductor device accord-

ing to an embodiment at a stage 1n processing;

FIG. 2 1s a cross section of the semiconductor device of
FIG. 1 at a subsequent stage 1n processing;

FIG. 3 1s a cross section of the semiconductor device of
FIG. 2 at a subsequent stage 1n processing;

FIG. 4 1s a cross section of the semiconductor device of
FIG. 3 at a subsequent stage 1n processing;

FIG. 5 1s a cross section of the semiconductor device of
FIG. 4 at a subsequent stage 1n processing;

FIG. 6 1s a cross section of the semiconductor device of
FIG. § at a subsequent stage 1n processing;

FIG. 7 1s a cross section of the semiconductor device of
FIG. 6 at a subsequent stage 1n processing;

FIG. 8 1s a cross section of the semiconductor device of
FIG. 7 at a subsequent stage 1n processing;

FIG. 9 1s a cross section of the semiconductor device of
FIG. 8 at a subsequent stage 1n processing;

FIG. 10 1s a cross section of the semiconductor device of
FIG. 9 at a subsequent stage 1n processing;

FIG. 11 1s a cross section of the semiconductor device of
FIG. 10 at a subsequent stage in processing;

FIG. 12 1s a cross section of the semiconductor device of
FIG. 11 at a subsequent stage in processing;

FIG. 13 1s a cross section of the semiconductor device of
FIG. 12 at a subsequent stage in processing; and

FI1G. 14 1s a circuit diagram showing a use of the semicon-

ductor device of FIG. 13.

DETAILED DESCRIPTION

In one aspect, a semiconductor device 1s formed to make a
capacitor structure in which the primary capacitance 1is
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formed between an inner electrode and an outer electrode that
surrounds the inner electrode. The inner electrode has a lower
portion that contacts a first conductive region below the inner
clectrode and an upper portion that contacts a second conduc-
tive region above the inner electrode. A conductive path 1s
thereby established between the upper portion and the lower
portion. This 1s better understood by reference to the drawings
and the following written description.

The semiconductor substrate described herein can be any
semiconductor material or combinations of materials, such as
galllum arsemde, silicon germanium, silicon-on-insulator
(SOI), silicon, monocrystalline silicon, the like, and combi-
nations of the above.

Shown 1 FIG. 1 1s a semiconductor device 10 having a
substrate 12 and a conductive region 14 at a top surface of
substrate 12. Conductive region 14 may be formed by an
implant and may be a portion of a current electrode, such as a
source or drain, of a transistor. Conductive region 14 could
also be a well tie. Conductive region 14 may also be silicided.

Shown 1n FIG. 2 1s semiconductor device 10 after forming
an 1nterlayer dielectric (ILD) 16. ILD 16 may be a deposited
oxide. ILD 16 may have a thickness of about 3000 to 5000
Angstroms, but may be thinner or thicker.

Shown 1n FIG. 3 1s semiconductor device 10 after forming
a conductive region 18 at a top surface of ILD 16 and having
at least a portion over conductive region 14. Conductive
region 18 may be formed by forming an opening at the surface
of ILD 16, followed by depositing a metal such as tungsten
over the surface of ILD 16 which would fill the opening, and
then performing chemical mechanical polishing (CMP). The
result 1s a top surface that 1s planar having conductive region
18 as aportion of the top surface and ILD 16 as a portion o the
top surface. An alternative, which results in a somewhat dif-
ferent structure, 1s to deposit metal and then pattern 1t to result
in a region above ILD 16 with the same shape as conductive
region 18. As 1s typical of depositions of conductive layers,
especially ones that contain metal, there may be multiple
layers of different conductive layers. For example, a rela-
tively thin barrier layer may be deposited prior to the main
deposition that forms most of conductive region 18. The
thickness of conductive region 18 may be approximately 500
Angstroms, but 1t may be thicker or thinner.

Shown 1n FI1G. 4 1s semiconductor device 10 after forming
a dielectric layer 20 that may be comprised of silicon nitride.
Dielectric layer 20 1s preferably of a material that can be
selectively etched with respect to a conductive layer that 1s
used as an electrode of the capacitor that 1s 1n the process of
being formed. Dielectric layer 20 may have a thickness of
about 100 to 200 Angstroms, but may be thicker or thinner.

Shown 1n FIG. 5 1s semiconductor device 10 after forming
an opeming 22 1 ILD 16 that 1s over conductive region 14.
Opening 22 can vary in width based on the desired capaci-
tance that 1s to be obtained. Opening 22 has a bottom that 1s
spaced from conductiveregion 14 by aregion 24 n ILD 16. In
one embodiment, spacing 24 may be approximately 200 Ang-
stroms thick. Opening 22 1s preferably aligned with at least
one side of conductive region 18 and leaves a portion of
conductive region 18 as shown in FIG. 5. This remaining

portion shown in FIG. 5 may be referenced as a contact which
will be used as a contact of one of the electrodes of the
capacitor that 1s 1n the process of being formed. Dielectric
layer 20 remains on the top surface of ILD 16 and conductive
region 18 but 1s not otherwise present 1n opening 22. If the
approach of depositing conductive region 18 followed by
patterned etch 1s used instead of the one shown 1n FIG. 3, then
the iterface with opening 22 would be the same even though
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it would extend above the top surface of ILD 16 on the side of
conductive region 18 away from opening 22, and the remain-
ing steps may be the same.

Shown 1n FIG. 6 1s semiconductor device 10 after depos-
iting a conductive layer 26 over dielectric layer 20 and 1n
opening 22. This has the aflect of conductive layer 26 con-
tacting a lateral edge of conductive region 18 that 1s exposed
at opening 22. Conductive layer 26 may be tantalum nitride.

Shown 1n FIG. 7 1s semiconductor device 10 after an aniso-
tropic etch that removes conductive layer 26 over dielectric
layer 20 and from the bottom of opening 22. This leaves
conductive layer 26 on the sidewall of opening 22. Dielectric
layer 20 provides an etch stop for this etch of conductive layer
26. This allows for an overetch that ensures that conductive
layer 26 1s completely removed from over dielectric layer 20
and from the bottom of opening 22 without adversely affect-
ing conductive region 18. This has the effect of reducing the
height of conductive layer 26 remaining on the sidewall so
that a portion of the side of dielectric layer 20 1s exposed
where conductive layer 26 1s recessed.

Shown 1n FIG. 8 1s semiconductor device 10 after forming
a dielectric layer 28 over dielectric layer 20, conductive layer
26, and the bottom of opening 22. Dielectric layer 28 may be
a high k dielectric layer such as hatnium oxide for enhancing
capacitance. Dielectric layer 28 may have a thickness of about
25 to 100 Angstroms. Due to conductive layer 26 being
recessed, dielectric layer 28 1s a little thicker at that location.
A dielectric layer, including an example such as dielectric
layer 28, may also be called an 1nsulating layer.

Shown 1n FIG. 9 1s semiconductor device 10 after perform-
ing an anisotropic etch that removes dielectric layer 28 from
over dielectric layer 20 and from the bottom of opening 22.
With dielectric layer 28 being a little thicker at the top of
conductive layer 26, 1t may be that conductive layer 26 may
not be exposed at that upper location. This may be beneficial
but not necessary.

Shown 1n FIG. 10 1s semiconductor device 10 after per-
forming an etch of ILD 16 where 1t 1s exposed at the bottom
of opening 22 to expose conductive region 14. Dielectric
layer 28 prevents conductive layer 26 from being exposed
except possibly at the top of conductive layer 26. It may be
noted that 1n an alternative embodiment, conductive layer 26
and dielectric layer 28 may be sequentially deposited and
then anisotropically etched after both layers are deposited. In
such an embodiment, a second deposition of a dielectric layer
similar to dielectric layer 28 and subsequent anisotropic etch
of the layer may be performed following the etch of ILD 16 to
expose conductive region 14.

Shown 1n FIG. 11 1s semiconductor device 10 after depos-
iting a conductive layer 30 1n opening 22 and over dielectric
layer 20. Prior to depositing conductive layer 30, regular
contacts that do not have associated capacitors are patterned
by conventional methods (not shown). Conductive layer 30
may be tungsten with one or more barrier metals. Conductive
layer 30 would also {ill regular contacts that do not have the
associated capacitors.

Shown 1n FIG. 12 1s semiconductor device 10 after per-
forming CMP on conductive layer 30, dielectric layer 20, and
a top portion of conductive region 18 and ILD 16. This
removal of the top portion of conductive region 18 and ILD 16
also removes dielectric layer 20 and a top portion of conduc-
tive layer 26. The removal of the top portion of conductive
layer 26 ensures that even 1 the top portion of conductive
layer 26 was exposed when conductive layer 30 was depos-
ited and thus establishing contact between conductive layer
26 and conductive layer 30, that area of contact would be
removed by CMP. The result 1s that after CMP, conductive
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layer 26 would not be 1n contact even 1 there was physical and
thus electrical contact immediately after the deposition of
conductive layer 30. Shown 1n FIG. 12 1s a capacitor 31 1n
which conductive layer 30, which 1s now contained within
opening 22 of FI1G. 10, 1s a first electrode and conductive layer
26, which surrounds conductive layer 30 of FIG. 12, 1s a
second electrode. Dielectric layer 28 separates conductive
layer 30 from conductive layer 26. The capacitance of capaci-
tor 31 1s proportional to nearly all of the vertical surface area
of opening 22. There 1s a small portion at the bottom of
opening 22 where conductive layer 26 does not extend where
this 1s not the case. Also as a result of performing the CMP,
dielectric layer 28 has a top surface coplanar with the top
surface of dielectric layer 16, and since dielectric layer 28 1s
within an opening, opening 22, of dielectric layer 16, dielec-
tric layer 28 may be considered to be within dielectric layer
16.

Shown in FI1G. 13 1s an interconnect layer 33 having an ILD
32, an 1interconnect 34, and an interconnect 36 formed over
device structure 10 of FIG. 12. Interconnect 34 extends
through ILD 32 to make contact with conductive region 18.
Interconnect 36 extends through ILD 32 to contact conduc-
tive layer 30. With both interconnect 36 and conductive
region 14 1n contact with conductive layer 30, interconnect 36
and conductive region 14 are in electrical contact with each
other. Thus conductive layer 30, which 1s the first electrode of
capacitor 31, functions also as a conductive path.

Shown 1n FIG. 14 1s circuit diagram 38 showing a partial
circuit having a transistor 40 in which one of 1ts current
clectrodes, source or drain in this example, 1s made from
region 14 which 1s 1n contact with the first electrode, conduc-
tive layer 30, of capacitor 31. Interconnect 36 1s also in
contact with the first electrode. The second electrode of
capacitor 31 1s conductive layer 26 which 1s contacted by
conductive region 18 which in turn 1s contacted by intercon-
nect 34.

The structure of capacitor 31 as shown 1n FIG. 13 provides
for an efficient approach for achieving the partial circuit of
FIG. 14. Theresult1s that routing 1s made more efficient while
also obtaining high capacitance i a circuit including a
capacitor.

By now 1t should be appreciated that there has been pro-
vided a method for forming a capacitor structure. The method
includes forming a first dielectric layer over a conductive
region, wherein the first dielectric layer has a first conductive
layer at a top surface of the first dielectric layer. The method
turther includes forming a first opening 1n the first dielectric
layer over the conductive region, wherein the first opening
exposes a first sidewall of the first conductive layer, wherein
a portion of the first dielectric layer remains between a bottom
of the first opening and the conductive region, and wherein
the first opening has a bottom. The method further includes
forming a second conductive layer within the first opening,
wherein the second conductive layer contacts the first side-
wall of the first conductive layer. The method further includes
removing a portion of the second conductive layer from the
bottom of the first opening. The method further includes
forming an insulating layer within the first opening. The
method further includes removing a portion of the insulating
layer from the bottom of the first opening. The method further
includes extending the first opeming through the first dielec-
tric layer to expose the conductive region. The method further
includes filling the first opening with a conductive matenal,
wherein the conductive material contacts the conductive
region, and wherein the second conductive layer forms a first
plate electrode of the capacitor structure and the conductive
material forms a second plate electrode of the capacitor struc-
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ture. The method may have a further characterization by
which the step of removing the portion of the second conduc-
tive layer from the bottom of the first opening 1s performed
aiter the step of removing the portion of the insulating layer
from the bottom of the first opening. The method may have a
turther characterization by which the step of removing the
portion of the second conductive layer from the bottom of the
first opening comprises performing a first amisotropic etch.
The method may have a further characterization by which the
step of removing the portion of the msulating layer from the
bottom of the first opening comprises performing a second
anisotropic etch. The method may have a further character-
ization by which the step of removing the portion of the
insulating layer from the bottom of the first opening com-
prises performing an anisotropic etch. The method may fur-
ther comprise forming a second dielectric layer over the first
dielectric layer, wherein the second dielectric layer has a third
conductive layer which contacts the conductive material. The
method may have a further characterization by which the step
of forming the first dielectric layer having the first conductive
layer at the top surface comprises forming a second opening
in the first dielectric layer, wherein the second opening does
not fully extend through the first dielectric layer and forming,
the first conductive layer 1n the second opening. The method
may have a further characterization by which the step of
forming the first opening 1s performed such that during the
forming of the first opening, a portion of the first conductive
layer 1s removed to expose the first sidewall. The method may
have a further characterization by which prior to the step of
forming the first dielectric layer, the method further com-
prises forming the conductive region 1n a top surface of a
semiconductor layer. The method may have a further charac-
terization by which the conductive region comprises a doped
region of the semiconductor layer. The method may have a
turther characterization by which. The method may have a
turther characterization by which the doped region i1s a
source/drain region of a transistor formed in and on the semi-
conductor layer. The method may have a further character-
ization by which the conductive region comprises a metal.
The method may have a further characterization by which
prior to the step of forming the second conductive layer, the
method further comprises forming an etch stop layer over the
first conductive layer and the first dielectric layer, wherein the
step of removing the portion of the second conductive layer
from the bottom of the first opening i1s performed using the
ctch stop layer.

Also described 1s a method for forming a capacitor struc-
ture including a first dielectric layer over a conductive region,
wherein the first dielectric layer has a first conductive layer at
a top surface of the first dielectric layer. The method further
includes forming a first opening 1n the first dielectric layer
over the conductive region, wherein the first opening exposes
a first sidewall of the first conductive layer and wherein a
portion of the first dielectric layer remains between a bottom
of the first opening and the conductive region. The method
turther includes forming a second conductive layer within the
first openming, wherein the second conductive layer contacts
the first sidewall of the first conductive layer. The method
further includes etching the second conductive layer to
remove a portion of the second conductive layer from the
bottom of the first opening and leave a remaining portion of
the second conductive layer adjacent a sidewall of the first
opening. The method further includes forming an insulating
layer within the first opening. The method further includes
forming an insulating layer within the first opening. The
method further includes etching the insulating layer to
remove aportion of the insulating layer from the bottom of the
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first opening and leave a remaining portion of the isulating
layer adjacent the sidewall of the first opening, wherein the
remaining portion of the second conductive layer i1s between
the sidewall of the first opening and the remaining portion of
the msulating layer. The method further includes extending
the first opening through the first dielectric layer to expose the
conductive region. The method further includes filling the
first opening with a conductive material, wherein the conduc-
tive material contacts the conductive region, and wherein the
second conductive layer forms a first plate electrode of the
capacitor structure and the conductive material forms a sec-
ond plate electrode of the capacitor structure. The method
may further comprise forming a second dielectric layer over
the first dielectric layer, wherein the second dielectric layer
has a third conductive layer which contacts the conductive
material. The method may have a further characterization by
which the conductive region comprises a doped region
formed 1n a semiconductor layer. The method may have a
turther characterization by which the doped region is one of a
source/drain region of a transistor formed in and on the semi-
conductor layer, a well tie region, or a gate region of a tran-
sistor formed 1n and on the semiconductor layer. The method
may have a further characterization by which the doped
region comprises a metal.

Also described 1s a method for forming a capacitor struc-
ture forming a first dielectric layer over a conductive region,
wherein the first dielectric layer has a first conductive layer at
a top surface of the first dielectric layer, and wherein the
conductive region 1s selected from a group consisting of a
doped region of a semiconductor layer and a metal. The
method further includes forming an etch stop layer over the
first conductive layer and the first dielectric layer. The method
turther includes forming a first opening 1n the first dielectric
layer over the conductive region, wherein the first opening
exposes a first sidewall of the first conductive layer and
wherein a portion of the first dielectric layer remains between
a bottom of the first opening and the conductive region. The
method further includes forming a second conductive layer
within the first opening, wherein the second conductive layer
contacts the first sidewall of the first conductive layer. The
method further includes using the etch stop layer to etch the
second conductive layer to remove a portion of the second
conductive layer from the bottom of the first opening and
leave a remaining portion of the second conductive layer
adjacent a sidewall of the first opening. The method further
includes forming an msulating layer within the first opening.
The method further includes etching the msulating layer to
remove a portion o the insulating layer from the bottom of the
first opening and leave a remaining portion of the msulating
layer adjacent the sidewall of the first opening, wherein the
remaining portion of the second conductive layer i1s between
the sidewall of the first opeming and the remaining portion of
the msulating layer. The method further includes extending
the first opening through the first dielectric layer to expose the
conductive region. The method further includes filling the
first opening with a conductive material, wherein the conduc-
tive material contacts the conductive region, and wherein the
second conductive layer forms a first plate electrode of the
capacitor structure and the conductive material forms a sec-
ond plate electrode of the capacitor structure. The method
may further comprise forming a second dielectric layer over
the first dielectric layer, wherein the second dielectric layer
has a third conductive layer which contacts the conductive
material and a fourth conductive layer which contacts the first
conductive layer.

Although the mvention 1s described herein with reference
to specific embodiments, various modifications and changes
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can be made without departing from the scope of the present
invention as set forth 1n the claims below. For example dii-
ferent materials may be used than those described. Accord-
ingly, the specification and figures are to be regarded 1n an
illustrative rather than a restrictive sense, and all such modi-
fications are mtended to be included within the scope of the
present invention. Any benefits, advantages, or solutions to
problems that are described herein with regard to specific
embodiments are not intended to be construed as a critical,
required, or essential feature or element of any or all the
claims.

Furthermore, the terms ““a” or “an,” as used herein, are
defined as one or more than one. Also, the use of introductory
phrases such as “at least one” and “one or more” 1n the claims
should not be construed to imply that the mtroduction of
another claim element by the indefinite articles “a” or “an”
limits any particular claim containing such introduced claim
clement to inventions contaiming only one such element, even
when the same claim includes the introductory phrases “one
or more” or “at least one’” and indefinite articles such as “a” or
“an.” The same holds true for the use of definite articles.

Unless stated otherwise, terms such as “first” and “second”
are used to arbitrarily distinguish between the elements such
terms describe. Thus, these terms are not necessarily intended

to indicate temporal or other prioritization of such elements.

What 1s claimed 1s:
1. A method for forming a capacitor structure, the method
comprising:
forming a first dielectric layer over a conductive region,
wherein the first dielectric layer has a first conductive
layer at a top surface of the first dielectric layer;

forming a first opening 1n the first dielectric layer over the
conductive region, wherein the first opening exposes a
first sidewall of the first conductive layer, wherein a
portion of the first dielectric layer remains between a
bottom of the first opeming and the conductive region,
and wherein the first opening has a bottom:;

forming a second conductive layer within the first opening,

wherein the second conductive layer contacts the first
stdewall of the first conductive layer;

removing a portion of the second conductive layer from the

bottom of the first opening;

forming an 1nsulating layer within the first opening;

removing a portion of the msulating layer from the bottom

of the first opening;

extending the first opening through the first dielectric layer

to expose the conductive region; and

filling the first opening with a conductive material, wherein

the conductive material contacts the conductive region,
and wherein the second conductive layer forms a {first
plate electrode ofthe capacitor structure and the conduc-
tive material forms a second plate electrode of the
capacitor structure.

2. The method of claim 1, wherein the step of removing the
portion of the second conductive layer from the bottom of the
first opening 1s performed after the step of removing the
portion of the insulating layer from the bottom of the first
opening.

3. The method of claim 1, wherein the step of removing the
portion of the second conductive layer from the bottom of the
{irst opening comprises:

performing a {irst anisotropic etch.

4. The method of claim 3, wherein the step of removing the
portion of the insulating layer from the bottom of the first
opening comprises:

performing a second anisotropic etch.
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5. The method of claim 1, wherein the step of removing the
portion of the insulating layer from the bottom of the first
opening comprises:

performing an anisotropic etch.

6. The method of claim 1, further comprising;

forming a second dielectric layer over the first dielectric

layer, wherein the second dielectric layer has a third
conductive layer which contacts the conductive mate-
rial.

7. The method of claim 1, wherein the step of forming the
first dielectric layer having the first conductive layer at the top
surface comprises:

forming a second opening 1n the first dielectric layer,

wherein the second opening does not fully extend
through the first dielectric layer; and

forming the first conductive layer in the second opening.

8. The method of claim 7, wherein the step of forming the
first opening 1s performed such that during the forming of the
first opening, a portion of the first conductive layer 1s removed
to expose the first sidewall.

9. The method of claim 1, whereimn prior to the step of
forming the first dielectric layer, the method further com-
Prises:

forming the conductive region 1n a top surface of a semi-

conductor layer.
10. The method of claim 9, wherein the conductive region
comprises a doped region of the semiconductor layer.
11. The method of claim 10, wherein the doped region 1s a
source/drain region of a transistor formed 1n and on the semi-
conductor layer.
12. The method of claim 1, wherein the conductive region
comprises a metal.
13. The method of claim 1, wherein prior to the step of
forming the second conductive layer, the method further com-
Prises:
forming an etch stop layer over the first conductive layer
and the first dielectric layer, wherein the step of remov-
ing the portion of the second conductive layer from the
bottom of the first opening 1s performed using the etch
stop layer.
14. A method for forming a capacitor structure, the method
comprising:
forming a first dielectric layer over a conductive region,
wherein the first dielectric layer has a first conductive
layer at a top surface of the first dielectric layer;

forming a first opening in the first dielectric layer over the
conductive region, wherein the first opening exposes a
first sidewall of the first conductive layer and wherein a
portion of the first dielectric layer remains between a
bottom of the first opening and the conductive region;

forming a second conductive layer within the first opening,
wherein the second conductive layer contacts the first
sidewall of the first conductive layer;
etching the second conductive layer to remove a portion of
the second conductive layer from the bottom of the first
opening and leave a remaining portion of the second
conductive layer adjacent a sidewall of the first opening;

forming an 1nsulating layer within the first opening;

ctching the insulating layer to remove a portion of the
insulating layer from the bottom of the first opening and
leave a remaiming portion of the insulating layer adjacent
the sidewall of the first opeming, wherein the remaining
portion of the second conductive layer 1s between the
sidewall of the first opening and the remaining portion of
the insulating layer;

extending the first opening through the first dielectric layer

to expose the conductive region; and
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filling the first opening with a conductive material, wherein
the conductive material contacts the conductive region,
and wherein the second conductive layer forms a {first
plate electrode of the capacitor structure and the conduc-
tive material forms a second plate electrode of the °
capacitor structure.
15. The method of claim 14, turther comprising;:
forming a second dielectric layer over the first dielectric
layer, wherein the second dielectric layer has a third
conductive layer which contacts the conductive mate-
rial.
16. The method of claim 14, wherein the conductive region
comprises a doped region formed 1n a semiconductor layer.
17. The method of claim 16, wherein the doped region 1s
one of a source/drain region of a transistor formed 1n and on
the semiconductor layer, a well tie region, or a gate region of
a transistor formed 1n and on the semiconductor layer.

18. The method of claim 14, wherein the conductive region
comprises a metal. 20
19. A method for forming a capacitor structure, the method

comprising;

forming a first dielectric layer over a conductive region,
wherein the first dielectric layer has a first conductive
layer at a top surface of the first dielectric layer, and 25
wherein the conductive region 1s selected from a group
consisting of a doped region of a semiconductor layer
and a metal;

forming an etch stop layer over the first conductive layer
and the first dielectric layer; 30

forming a first opening 1n the first dielectric layer over the
conductive region, wherein the first opening exposes a
first sidewall of the first conductive layer and wherein a
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portion of the first dielectric layer remains between a
bottom of the first opening and the conductive region;

forming a second conductive layer within the first opening,
wherein the second conductive layer contacts the first
sidewall of the first conductive layer;

using the etch stop layer to etch the second conductive
layer to remove a portion of the second conductive layer
from the bottom of the first opening and leave a remain-
ing portion of the second conductive layer adjacent a
sidewall of the first opening;

forming an msulating layer within the first opening;

ctching the insulating layer to remove a portion of the
insulating layer from the bottom of the first opening and
leave a remaining portion of the imsulating layer adjacent
the sidewall of the first opening, wherein the remaining
portion of the second conductive layer 1s between the
sidewall of the first opening and the remaining portion of
the insulating layer;

extending the first opening through the first dielectric layer
to expose the conductive region; and

filling the first opening with a conductive material, wherein
the conductive material contacts the conductive region,
and wherein the second conductive layer forms a first
plate electrode of the capacitor structure and the conduc-
tive material forms a second plate electrode of the
capacitor structure.

20. The method of claim 19, further comprising:

forming a second dielectric layer over the first dielectric
layer, wherein the second dielectric layer has a third
conductive layer which contacts the conductive material
and a fourth conductive layer which contacts the first
conductive layer.
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